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ABSTRACT 
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SOUTHEAST GREENLAND INFERRED FROM LAKE SEDIMENTS 
MAY 2013 
SAMUEL H. DAVIN, B.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Raymond S. Bradley 
 
 During the latter half of the 20
th
 century until present day there has been an 
unprecedented rise in global annual mean temperatures accompanied by rising sea levels 
and a decrease in Northern Hemisphere snow cover, which if it continues will lead to 
widespread disruption of climate patterns, ecosystems, and present-day landscapes. It is 
therefore of critical importance to establish an expanded network of paleoclimate records 
across the globe in order to better assesses how the global climate system has changed in 
the past, that we may create a metric by which to address modern change. Herein is 
presented a 7,700 years record of Holocene climatic and environmental variability in 
Sermilik Valley, located on Ammassalik Island, SE Greenland. This objective of this 
study is to determine the timing of major Holocene climate transitions as expressed in the 
physical, elemental, and geochemical parameters preserved in the 484 cm sediment 
record of Lower Sermilik Lake. Major transitions observed in this study include the 
deglaciation of Sermilik Valley, the onset and termination of the Holocene Climatic 
Optimum, the transition into neoglacial conditions, and the Little Ice Age. 
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CHAPTER 1 
INTRODUCTION 
1.1 Context 
 During the latter half of the 20
th
 century until present day there has been an 
unprecedented rise in global annual mean temperatures accompanied by rising sea levels 
and a decrease in Northern Hemisphere snow cover, which if it continues will lead to 
widespread disruption of climate patterns, ecosystems, and present-day landscapes. It is 
therefore of critical importance to establish an expanded network of paleoclimate records 
across the globe in order to better assesses how the global climate system has changed in 
the past, that we may create a metric by which to address modern change.  
 Lake sediments provide unique records of environmental variability, including 
climate signals. Marine sediments, though unparalleled in recording global climate 
signals, can match neither the resolution nor the unique regional aspects of climate 
signals recorded in lakes.  Similarly, highly-resolved ice cores are invaluable for purposes 
such as measuring concentrations of atmospheric gases and inferring conditions on ice 
sheets, but fall short of capturing true past terrestrial conditions. For these reasons climate 
signals recorded in the subaqueous sediments of lakes add an important dimension to our 
understanding of natural climatic variability, and provide a means of reconstructing 
climates of the past as well as assessing the impacts of climate change on lake systems 
themselves. Of particular interest are lakes situated at high latitudes, whose susceptibility 
to climate change is great due to polar amplification, the resultant of positive feedbacks 
in the climate system (e.g. Moritz et al., 2002).  Furthermore, in such high latitude 
regions the study of lake sediments may at times be the only viable means of establishing 
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terrestrial records of environmental and climate change, as some proxy methods such as 
tree-ring analysis and palynology become difficult to successfully use in tundra 
environments. This highly-resolved paleolimnological study comes at a time when there 
is a necessity to expand our understanding of the natural variability of Earth’s climate on 
timescales meaningful to humans. 
 
Figure 1: Ammassalik Island is located on the eastern coast of Greenland at 65.4° N, 
37.5° W. The Arctic Circle is denoted as a blue line. 
 
1.2 Study Location 
 Ammassalik Island in Southeast Greenland and the area of study, Lower Sermilik 
Lake, are situated at 65.4° N and 37.5° W (Figure 1). Ammassalik Island has an area of 
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~772 km
2
 and is home to Tasiilaq, the largest settlement in East Greenland with a 
population of 1,930 as of 2010. The landscape is dominated by mountains, valleys, and 
freshwater. The landscape, though initially driven by tectonism and metamorphic 
activity, bears the hallmarks of Holocene and Pleistocene glacial erosion. Perennial ice 
persists in the Mittivakkat glacier, which is the largest contiguous ice field on 
Ammassalik Island. About two thirds of the island is dominated by ice and snow fields, 
while the remaining third is a mixture of bare rock, lakes, shrub and grass-covered 
topsoil, and glacial and fluvial deposits. Ammassalik Island provides a climatically 
fascinating backdrop to this study because of its close proximity to the Atlantic Ocean to 
the south and west, and to the Greenland Ice Sheet to the north and east. 
1.2.1 Modern Ammassalik Climate 
 The climate of Ammassalik Island is low arctic maritime, with a mean
[1895-2010] 
winter (December, January, February) temperature
1
 of -7.1° C, and a mean
1
 summer 
(June, July, August) temperature of  6.6° C. Annual precipitation
1
 averages 
approximately 870 mm , with winter precipitation being somewhat greater than summer 
precipitation (Figure 2). These data have been obtained from a Weather Station situated 
on Ammassalik Island in the settlement of Tasiilaq. 
 The climate of southeast Greenland is strongly influenced by the polar waters of 
the East Greenland Current (EGC) and by the relatively warmer waters of the Irminger 
Current (IC). The influence of each respective current has evolved throughout the 
duration of the Holocene (e.g. Massa et al. 2011); though disentangling the influences of 
these changes from external forcings such as the decrease in insolation since the early 
Holocene or influxes of melt water from the Laurentide Ice Sheet proves difficult. The 
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Atlantic Multidecadal Oscillation (AMO), a mode of variability occurring in the North 
Atlantic Ocean expressed principally in sea surface temperature (SST) likely plays a large 
role in influencing climate conditions on Ammassalik Island, notably in terms of glacial 
melt (e.g. Mernild et al. 2011). As a potential control on fluvial and groundwater 
processes, positive AMO periods may be expressed in terms of higher-than-normal 
energy transport to lake catchments and therefore be reflected in larger grain sizes or 
higher amounts of terrestrially-derived minerals. 
  Another factor worthy of consideration is the influence of atmospheric 
oscillations such as the North Atlantic Oscillation (NAO) or Atlantic Multidecadal 
Oscillation (AMO) on the development of terrestrial conditions in coastal East 
Greenland, and what controls these effects had on the biosphere, hydrosphere, and 
geosphere both locally and regionally. For instance, today during negative phases of the  
NAO, northern Europe and Scandinavia typically receive less precipitation, while 
southern and central Europe receive more (Hurrell 2003).  In positive phases of the NAO, 
the Azores High pressure center strengthens and the Icelandic low pressure center 
weaken further, resulting in a much greater pressure difference between the two 
locations. The result is higher temperatures in the Eastern US and northern Europe, 
colder temperatures in Greenland, more precipitation in northern Europe and 
Scandinavia, and less precipitation in central and southern Europe (Hurrell 2003). 
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Figure 2. Mean annual summer (June, July, August) and winter (December, January, 
February) instrumental temperature and precipitation data for Ammassalik Island, 
collected since 1895 and 1898 respectively. Data were obtained from a weather station 
based out of Tasiilaq. The mean summer temperature is 6.6°C and the mean winter 
temperature is -7.1
°
C. The mean annual precipitation is 870 mm, much of which is 
received during the winter as snowfall. 
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1.2.2 Bedrock Geology 
 The area of study is located in the Nagssuqtoquidan mobile belt, primarily 
consisting of Archean granite gneiss. These rocks have been partially reworked by belts 
of intense deformation during the Proterozoic, before and after which swarms of mafic 
dikes intruded the area. In zones unaffected by shear belts the Archean gneisses are 
clearly observed to consist of a layered sequence of quartzo-feldspathic gneisses 
dominated by granodiorite and tonalite gneisses containing intrusions of mafic and 
ultramafic material interleaved with supracrustal sequences and anorthisites 
(Bridgewater, 1976). The predominant unit of the Lower Sermilik catchment is a major 
charnockite complex bordered by garnet-rich county rock extending from the west coast 
of Sermilik fjord through the southern part of Ammassalik (Figure 3) (Wager, 1934). 
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Figure 3. Geologic map of Ammassalik Island adapted from "Geology of Greenland", by 
Escher & Watt. Lower Sermilik is circled in red. The catchment of Lower Sermilik 
isunderlain by basic charnockite and garnet gneiss. 
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1.2.3 Lower Sermilik Lake and Catchment 
 Lower Sermilik (65°38’40” N, 37°43’27” W) is located in the Sermilik Valley on 
Ammassalik Island in the Sermersooq municipality of Southeast Greenland  (Figure 1, 
Figure 5). Along its southern banks Lower Sermilik is bordered by the steep talus slopes 
of the spiny Præstefjeld ridge (641 masl), by Upper Sermilik Lake and the Mittivakkat 
Glacier to the west, by grassy slopes and bare-rock peaks to the north, and by a long, 
gentle, grassy slope terminating in Tasiilaq Fjord 1.4 km to the east (see Figure 5). The 
banks of Lower Sermilik sit at 70 meters above sea level (m asl), and bathymetric surveys 
of the lake reveal a maximum depth of 30 m (Figure 4). The color of Lower Sermilik, as 
of July, 2012, was observed to be a dark shade of turquoise, very clear, and cold. 
Biogeochemical and sedimentological assessments of Lower Sermilik find it to provide a 
continuous sediment record since ~7200 cal yr BP, likely when perennial glacial ice 
persisting from the Younger Dryas retreated beyond the lake margin. Since this record is 
interpreted to be continuous since the time of local deglaciation it stands to reason that a 
record of climate and environmental change may be recovered from these sediments for 
the middle Holocene onward.  
 9 
 
 
Figure 4. Bathymetric profile of Lower Sermilik oriented south. The contour interval is 2 
meters. Cores were collected from the deepest portion of the lake (~30 m) 
 
 In order to understand biological and geological processes operating within and 
around Lower Sermilik, it is of importance to understand its sister lake, Upper Sermilik. 
Upper Sermilik is at 148 m asl, approximately 0.4 km from the western terminus of 
Lower Sermilik. With a comparably small catchment area of ~5.3 km
2
, Upper Sermilik is 
fairly isolated within Sermilik Valley by steep slopes. It receives surficial flow from 
proximal snow melt and precipitation events, and also from a turbid channel fed by a 
cascading waterfall sourcing from the Mittivakkat Glacier, which before emptying into 
Upper Sermilik, opens into a massive alluvial fan. The suspended sediment load of this 
channel is great, and can be visibly noted by the stunning turquoise color of this lake and 
by the visible ~1000 m long sediment plume entering the lake from the mouth of the 
primary alluvial fan channel. 
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  Both Lower Sermilik and sister lake Upper Sermilik sit in the glacially-carved 
Sermilik Valley (Figure 5), which acts much as a gutter collecting runoff from both 
proximal snow melt and precipitation events, as evidenced by plentiful dry and active 
erosional channels. The catchment of Lower Sermilik is estimated to be 9.5 km
2
. With 
the exception of runoff from the surrounding slopes, Lower Sermilik is fed by two 
primary sources: source one is Upper Sermilik, which is connected to Lower Sermilik via 
a narrow passage cut through a bedrock ridge. This rapidly flowing channel measures 
approximately 2 meters wide by 1 meter deep, and experiences several small drops before 
opening into an alluvial fan comparable to the size of the fan at Upper Sermilik. The 
second source is a steep and rapidly-flowing melt water channel water from a smaller 
lake (200 m wide by 600 m long) located in a massive cirque to the North. This channel 
cuts through the crystalline bedrock to depths of greater than 1 meter in some locations, 
suggesting this lake has been present for quite a long time, perhaps even sub-glacially or 
during ice retreat. This source has also formed a large alluvial fan, which is adjacent to 
the other. This fan is larger and a steady series of meandering, braded streams cut through 
it before emptying into Lower Sermilik. 
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Figure 5. An aerial view of the southwestern quadrant of Ammassalik Island oriented 
Northwest, with major features labeled. Lower Sermilik is labeled as "LSRM" and Upper 
Sermilik is labeled as "USRM". The Atlantic Ocean is not pictured, but is located 
immediately to the South and to the East of  Ammassalik Island. Tasiilaq is located 
several kilometers to the southwest of Lower Sermilik 
 
1.3 Previous work  
 To date no scientific research involving Lower Sermilik Lake has taken place, 
however several studies have been carried out on Ammassalik Island. Christiansen et al., 
(1999) and Humlum et al., (2008) explored the geomorphology of Ammassalik Island by 
combining analyses of sediments with 
14
C and optically stimulated luminescence dating 
to determine paleo-prevailing wind directions, eustasy, and the onset of abrupt changes 
including the Little Ice Age. Findings indicate strong, persistent northeasterly winds 
throughout much of the Holocene. In the findings of Humlum et al. (2008) the 
Mittivakkat Glacier, located just northwest of Lower Sermilik, appeared 3,000-4,000 
years BP during the onset of neoglacial conditions. Hasholt and Mernild (2008) 
investigated the hydrology and sediment transport of Ammassalik Island with a particular 
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focus on modern water resources available to the indigenous population. Jakobsen et al., 
(2008) explored changes in vegetation on Ammassalik Island recorded in lake sediments 
and soil profiles. 
 Other paleolimnological studies on Greenland have been carried out, although 
these studies did not take place near Ammassalik. Willemse et al., (1999), Cremer et al. 
(2001), Wagner et al., (2000), Wagner et al., (2002), Andreson et al., (2004), Klug et al., 
(2008), Klug et al., (2009) all investigated the Holocene climate history of Greenland 
using lake sediments. Willemse, et al. (1999) presented data derived from West 
Greenland lake records, Cremer et al., examined diatom succession in an East Greenland 
lake, Wager et al., (2000) explored paleolimnologic findings from lakes in West 
Greenland and Wager et al., (2002) explored paleolimnologic records from lakes in 
Northeast Greenland, as did Klug et al., (2008) and Klug et al., (2009).  Andreson et al., 
(2004) investigated Holocene climatic changes in southern Greenland using 
biogeochemical and sedimentological data. Though these findings are certainly of 
interest, they focus on locations far from Lower Sermilik. 
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CHAPTER 2  
MATERIALS & METHODS 
2.1 Core Collection and Field Assessment 
 In the spring of 2010 a research team consisting of Dr. Raymond Bradley, Dr. 
William D’Andrea, Dr. Nicholas Balascio, and Dr. Lucien von Gunten visited four lakes 
in Southeastern Greenland including Lower Sermilik. Two cores consisting of three 
drives each and were collected from Lower Sermilik using a tripod-mounted percussion 
coring rig. Two additional surface gravity cores were taken as well to ensure that the 
sediment-water interface was captured. The team also collected conducted bathymetry 
transects (see figure 5) and took measurements of water temperature, pH, and salinity 
incrementally through the water column (Figure 6). 
 In July of 2012 the author Samuel Davin and graduate student co-collaborator 
Greg de Wet returned to Lower Sermilik and collected surface sediments from the lake, 
soil samples from the catchment, and vegetation samples from the catchment. Care was 
taken to create detailed surficial maps and to examine all channels (flowing or otherwise) 
within the catchment. The three days spent investigating Lower Sermilik yielded 
sufficient evidence to infer the glacial history of Sermilik Valley in which Lower 
Sermilik resides. 
2.2 Composite Core Description 
 The composite core from Lower Sermilik is 484.5 cm, and uses 8 cm of  material 
from the surface core LSRM-10-D-C in addition to the three A-core sections (LSRM-
10G-A1, LSRM-10G-A2, AND LARM-10G-A3), and two of the three B-core sections 
(LSRM-10G-B2 and LSRM-10G-B3). Core sections LSRM-10-D-C, LSRM-10G-A1 and 
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LSRM-10G-A2 are characterized by thick laminations of similar color interspersed with 
zones of slumped material, though the laminations of LSRM-10G-A2 begin to fine and 
darken towards the base of the section. Core sections LSRM-10G-B2 AND LSRM-10G-
A3 are characterized by fine laminations with notable color variation between 
laminations. LSRM-10G-B3 is characterized by clay, coarse sand, and cobbles up to 5 cm 
across the z-axis. 
 
. 
Figure 6. Geochemical data collected at Lower Sermilik on April 10, 2010. Temperature 
reveals a well-defined thermocline. pH reveals surprisingly basic surface water 
conditions. Dissolved oxygen content reveals well-oxygenated waters even at depth. 
  
2.3 Sampling and Preparation 
 Upon return to the United States the sediment cores were split lengthwise, with 
one half of each section saved for discrete sampling and the other half set aside for 
archive purposes. Both halves of all sections were then individually wrapped with plastic 
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sheeting and placed in split-core casings before being transferred to a cold storage facility 
at the University of Massachusetts Amherst. Discrete sampling was done at 5 cm 
resolution for all section(s) of each core using stainless steel sampling tools which were 
cleaned with acetone between samples. All discrete samples were freeze-dried and 
homogenized in their original glass scintillation vials using a glass stirring rod cleaned 
with organic solvent prior to all analyses. Samples were then capped and stored for 
analyses in a cool, dark setting. 
2.4 Dating 
 Chronology for the Lower Sermilik composite core was developed from eight 
radiocarbon dates, which indicate the composite record extends from 7,700 cal yr BP to 
present. The radiocarbon dates were made on macrofossils extracted from composite 
depths of 41.5 cm, 67.5 cm, 91.5 cm, 94 cm, 132 cm, 168 cm, 184 cm, and 229 cm. All 
radiocarbon ages were calibrated to calendar years using Calib v.6.1 (Stuiver & Reimer, 
1993) using the IntCal09 data set (Reimer et al., 2009), and the calibrated ages used are 
the weighted sum-mean-average of the 2σ ranges (see figure 7). Radiocarbon dates are 
reported as calendar years prior to 1950 AD (cal yr BP). The chronology for the Lower 
Sermilik composite core was constructed by applying a smooth spline with a smoothing 
factor of 0.3 as the weighted average of 10,000 iterations to the age-depth data using the 
Clam code (Blaauw 2010) for the statistical software “R” (R Development Core Team, 
2010). The 95% confidence intervals are calculated by the software as the 2σ range of the 
mean of the iterations, and are represented as the minimum and maximum ages at each 
depth. To account for the upper and lower limits of the Lower Sermilik composite core, 
ages were interpolated from the age-depth model generated. 
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2.5 Bulk Geochemistry 
 Using an analytical mass balance, 0.1-70mg of each sample was weighed, and 
transferred to combusted silver capsules. All discrete samples were analyzed for total 
organic carbon (%TOC), total nitrogen (%TN), as well as δ13C and δ15N of organic 
carbon on a Thermo Delta V Advantage Isotope Ratio Mass Spectrometer (IRMS) 
interfaced with a Costech ECS 4010 Elemental Analyzer (EA). Measurements of δ13C are 
herein reported relative to VPDB, and measurements of δ15N are reported relative to AIR. 
2.6 Magnetic Susceptibility 
 Magnetic susceptibility profiles were acquired for all core sections using a 
GeoTek multi-scan core logger. Magnetic susceptibility was measured at 0.5 cm intervals 
and the profiles from overlapping depths were used in combination with spectral data, x-
radiographs, and physical assessments of sediment to form a composite core from 
overlapping sections of the A and B cores. 
2.7 Slump Identification 
 Slumped material, herein defined as instantaneous mass-movement deposits (i.e. 
turbidites), has been removed from the composite core to ensure a more accurate age-
depth model. Turbidites in the Lower Sermilik composite core were identified by 
physical assessment of the sediment cores accompanied by analysis of x-radiograph 
imagery, magnetic susceptibility data, and elemental profiles. Turbidites were observed 
to be homogenous in color and consistency with no discernible laminations, occasionally 
displaying graded bedding. X-radiographs identified the turbidites as zones of low-
density relative to the surrounding sediment. The magnetic susceptibility of turbidites is 
observed to be consistently much higher than in zones of pelagic sedimentation, with 
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little deviation in these values. Grayscale values obtained using ImageJ
®
 were used on 
several occasions to help identify smaller turbidites. Grayscale data identified turbidites 
as elongate intervals of relatively low gray values. 
2.8 X-ray fluorescence scanning 
 High-resolution elemental profiles of each core section were made using an Itrax 
XRF Core Scanner (Cox Analytical Systems) outfitted with a molybdenum anode. XRF 
scanning is an advantageous tool as it is non-destructive and is capable of producing 
extremely high resolution elemental profiles in addition to x-radiograph images, magnetic 
susceptibility measurements, and digital images.  For each core, section incremental 
measurements were taken at 500 micron steps with an exposure time of 20 seconds at a 
voltage of 50 kv with a current of 45 mA. 
2.9 Biogenic Silica 
 Measurements of Fourier transform infrared spectroscopy (FTIR-S) were 
conducted in the mid-infrared range on discrete sediment samples for the rapid 
determination of biogenic silica quantities present in the Lower Sermilik sediment record. 
Prior to this phase of the analysis, percent-by-weight opal was first determined for 20 
discrete samples using a traditional timed digestion-based method (e.g. Mortlock & 
Froelich 1989; University of Minnesota “Biogenic Silica Analysis Protocol”) to provide a 
calibration dataset. Sediment from the same samples was then mixed with reagent-grade 
potassium-bromide (KBr) at a ratio of 50:1 (KBr to sediment) and homogenized using a 
mortar and pestle. KBr is transparent in the IR region and was used as a diluting 
substance to avoid distortions caused by optical effects (Griffiths & De Haseth 1986; 
Vogel et al. 2008; Rosen et al. 2010). The samples were then analyzed using a Bruker 
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Vertex 70 FTIR spectrometer outfitted with a diffuse reflectance accessory (Harrick Inc., 
USA) for wavelengths between 2,666 and 25,000 nm (3750 to 400cm
-1
). Prior to the 
analysis of sediment samples, a 64-count background scan was completed using a sample 
of ground KBr. This was repeated every 15 samples to account for machine drift. FTIRS 
spectra of samples were then normalized using a baseline correction to produce the same 
baseline for all spectra. To assess the relative abundances of opal present in each sample, 
the area beneath absorbance spectra from 1,050 and 1,250 cm
-1
 was quantified by 
integration. This area was chosen due to the characteristic SiO absorbance maxima 
observed at 1,100 cm
-1
 associated with opal (Moenke 1974; Gendron-Badou et al. 2003; 
Vogel et al. 2008; Rosen et al. 2010). 
 Partial least squares regression (PLS) (e.g. Martens and Næs 1989) was used to 
develop a transfer function between the FTIRS spectra of the sediment and measured 
values of BSi (e.g. Rosen et al. 2010). All measured BSi values were square root 
transformed prior to analysis in order to normalize the data distribution (Vogel et al. 
2008; Rosen et al. 2010). The number of significant components for the PLS was 
assessed by a leave-one-out style of cross-validation (CV) the SIMPLS algorithm (de 
Jong, 1993). Cross validation is critical step when fitting models to be used for 
prediction, and is used to estimate the expected level of fit of a model to a data set, 
independent of the data that were used to train the model. Leave-one-out cross-validation 
employs a single observation from the original sample as the validation data, and the 
remaining observations as the training data. This is repeated such that each observation in 
the sample is used once as the validation data. 
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 The relationship between the FTIRS spectra and the corresponding BSi values 
shows a statistically significant correlation. A 1-component PLS model gives an R
2
CV  = 
0.75 and root mean square error of prediction (RMSEP) = |0.37|. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 3 
 RESULTS 
 20 
 
 As we rush forward into the future, the body of evidence in support of climate 
change grows (Kaufman 2009), forcing us to ask new and challenging questions. At the 
forefront of these is the pervasive question of how Earth’s climate system has changed in 
the past. This question is the backbone of paleoclimatology, and the principal means of 
determining how the Earth will respond to anthropogenic forcings. From decades of 
geological research, a shadowy outline of Earth’s climatic history has emerged from 
studies of individual records, but the spatiotemporal resolution of these records is limited. 
To glean a full understanding of the dynamic processes that influence climate a network 
of climate records must be established around the globe. From this network we can 
examine trends with more confidence, explore teleconnections, and both large and small 
scale variability may be disentangled. 
 The Lower Sermilik record provides a unique opportunity to study Holocene 
climate change in a Low Arctic setting due to its proximity to the Greenland Ice Sheet, 
the North Atlantic Ocean, and two nearby meteorological stations. It also benefits from 
previous studies which have explored the nearby Mittivvakkat Glacier (e.g. Humlum et 
al. 2008), bedrock geology (e.g. Bridgewater 1974), and other lake studies from the 
eastern and western coasts of Greenland. 
3.1  Chronology 
 A total of 8 AMS radiocarbon dates were used to construct the chronology of the 
Lower Sermilik composite core. Dating was done at the Keck Carbon Cycle AMS 
Facility at the University of California Irvine. The samples of macroscopic vegetation 
were collected at successive depths. Two additional dates were initially recovered in 
2010, however these remains were each located within a zone later identified as a 
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turbidite, and exhibited an age-reversal. The oldest calibrated age was collected from a 
depth of 229 centimeters down core, which returned a date between 5996 and 6180 cal yr 
BP (95% confidence). Unfortunately no macroscopic remains of vegetation were located 
closer to the transitional boundary between the glacio-fluvial environment of Unit I and 
the stable lake environment of unit II, thus leaving the timing of this transition to the 
interpolation of the age-depth model (see figure 7).  
 
 
Figure 7. Lower Sermilik interpolated chronology made using Clam for the open source 
program R. Blue points represent AMS radiocarbon dates, and are spread to include the 
statistical age-range returned for each date. The gray shading indicates the 2 sigma 95% 
confidence envelope. 
 
3.1.2  Turbidite removal 
 22 
 
 A total of 23 turbidites were removed from the Lower Sermilik composite core. 
The size of these turbidites is highly variable, ranging from sub-centimeter scale to tens 
of centimeters. The removal of these zones of instantaneous deposition resulted in a more 
accurate age-depth model. Identification was made using visual inspection, elemental 
profiles, and magnetic susceptibility data (Figure 8). The total amount of sediment 
removed from the composite core in form of turbidites is 138 cm. 
 
 
Figure 8. Identification of turbidites. Above: Turbidite identification using magnetic 
susceptibility and elemental profiles. Highlighted by red boxes are the three largest 
turbidites as an example. Below: Example of the identification of two major and several 
minor turbidites using magnetic susceptibility profiles coupled with visual inspection. 
 
3.2  Core lithology 
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 The Lower Sermilik record consists of three distinct sediment units: a coarse-
grained, minerogenic unit (Unit I), a finely-laminated and organic-rich unit (Unit II), and 
a lighter-colored, coarsely-laminated unit (Unit III). Each of these units is indicative of 
the depositional environment in which it was formed. 
3.2.1  Unit I 
 Unit I extends from the bottom of the composite core (346 cm) to 284 cm. The 
base of Unit I is composed of clast-supported glacial debris intermixed with coarse, 
siliceous sand. Above this portion of the unit are fine, sandy laminations that become 
finer and more well-defined up-core. Laminations above 306 centimeters in Unit I are 
highly disturbed, exhibiting evidence of turbid depositional conditions or events. This 
unit is characterized by unusually high magnetic susceptibility, and contains heightened 
XRF counts of alkali metals, alkaline earth metals, transition metals, and metalloids (e.g. 
K, Rb, Ca, Sr, Mn, Ti, Mn, Fe, Ni, Si) (see figure 9). No datable organic material was 
recovered from Unit I, but the extrapolated age of the base is approximately 7,800 cal yr 
BP. 
 Unit I is interpreted to represent a depositional environment immediately 
following local deglaciation, as Lower Sermilik emerged from beneath the ice. The 
presence of clasts (up to 5 cm) indicates a high-energy environment, which was likely 
supplied by proximal melting ice. The coarse sand, devoid of organic material, also 
strongly suggests a time when the lake basin had emerged from beneath perennial ice but 
depositional processes were still strongly influenced by the glacier. 
3.2.2  Unit II 
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 Unit II extends from 283 centimeters to 140 centimeters. The base of Unit II is 
finely laminated with good preservation and an abundance of organic matter. There is a 
striking disparity between lamination colors, perhaps owing to different proportions in 
organic and mineral content. Up core, the laminations of Unit II thicken slightly, and 
there are several notable turbidites present, though there is no apparent periodicity to the 
appearance of turbidites. The composition of this unit is markedly different from Unit I 
and is composed of clay, silt, and fine sand with abundant organic material. Much 
variability is noted in the elemental composition of this unit, with intriguing sinusoidal 
patterns seen in elements associated the underlying bedrock (e.g. Ti, K, Rb) (see figure 
9), which may be attributable to atmospheric oscillations or periodic ocean events 
associated with precipitation anomalies (see figure 9). Three samples for AMS 
radiocarbon dates were collected within this unit, and the upper and lower interpolated 
bounds of this unit are 3367 and 6900 cal yr BP respectively (see figure 7).  
 Unit II is interpreted to represent a depositional environment from the Holocene 
Climatic Optimum as experienced in Southeast Greenland. This is supported by the 
abundance of organics present in this unit of the composite core, and the dearth of 
glacially-influenced sediment deposits (see figure 10). One interesting feature noted in 
this core is the appearance of what have been interpreted as avalanche deposits. These 
deposits are much coarser than is typical for other turbidites, though there is also grading 
of these deposits. 
3.2.3  Unit III 
 Unit III extends from 139 centimeters to the top of the composite core. Unit III is 
characterized by more robust laminations with little color variability in comparison to 
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Unit II. Due to the homogenous color of Unit III differences between laminations are 
occasionally visible in x-radiograph images. This unit begins with steadily increasing 
concentrations of alkali metals, alkaline earth metals, transition metals, and metalloids 
reminiscent of Unit I (see figure 9). Unusually high levels of organic matter are noted in 
this unit, perhaps due to increased catchment erosion due to destabilization, nutrient 
availability, or bottom water conditions conducive to preserving organic matter. AMS 
radiocarbon dates were evaluated from five macroscopic samples of organic material, 
giving maximum and minimum age boundaries of 3367 and -60 cal yr BP respectively 
for this unit. 
 Unit III is interpreted to represent a depositional environment reflecting the 
effects of neoglaciation. A characteristic of this is the high level of elements associated 
with erosion. The most fascinating aspect of this unit, however, is the surprising 
abundance of organic matter at a time associated with cooling. 
3.3  Biogenic Silica 
 Biogenic silica (BSi), composed of hydrated silicon hydroxide, is primarily 
produced by diatoms and is used to form the characteristic rigid diatom cell wall known 
as a frustule. Diatoms are unicellular, photosynthetic algae found in a wide range of 
environments, including lakes. When diatoms die, their dense frustules sink to the bottom 
of bodies of water and are incorporated into sediments as biogenic silica microfossils. 
The abundance of biogenic silica in sediments can be used to infer the relative past 
populations of diatoms, and is thus an excellent proxy for paleolimnologists seeking to 
reconstruct measures of paleo-productivity (Conley 1988). 
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 Discrete sediment samples were collected at 1 centimeter resolution from 0 to 
17.5 centimeters and at 5 centimeter resolution from 18 to 314 centimeters. These 
samples were combined with potassium-bromide at a ratio of 50:1 (Kbr:sediment) and 
were analyzed using a Bruker Vertex 70 FTIR spectrometer outfitted with a diffuse 
reflectance accessory (Harrick, Inc., USA). The area under the resultant chromatogram 
peak from 1,000 to 1,250 reciprocal centimeters was integrated and quantified into 
percent biogenic opal using a one-component partial least squares regression.  
 Findings reveal small concentrations (<5%) of biogenic opal in the Lower 
Sermilik sediment record as early as 7300 cal years BP, suggesting a sparse population of 
diatoms present in Lower Sermilik shortly after local deglaciation (see Figure 10). From 
7300 through 6900 cal yr BP the abundance of biogenic silica declined sharply to a 
minimum of less than 1%. From this minimum value, concentrations of biogenic opal 
rose extremely rapidly and consistently from 6900 cal yr BP, reaching a middle-Holocene 
maximum of 25% by 6200 cal yr BP. With the exception of a negative excursion at 6050 
cal yr BP, biogenic opal concentrations remained consistently high with little variability 
until 3200 cal yr BP, though a negative trend in biogenic opal is observed to begin 
approximately 1000 years earlier. This period of large, sustained diatom populations is 
likely due to the local expression of the Holocene climatic Optimum, a period of relative 
warmth and climate stability (Marcott et al 2013). The drop observed in the diatom 
population at 3200 cal yr BP marks the transition from a warm, stable climate into 
neoglaciation, and coincides approximately with the reappearance of the Mittivakkat 
Glacier proximally located to the Northwest of Lower Sermilik. From 3200 cal yr BP 
until 1240 cal yr BP concentrations of biogenic silica remained comparably low and 
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exhibit high, saw tooth-like variability. Around 1240 cal yr BP percent biogenic opal 
began to trend positively, with a noteworthy period of stability from 1220 cal yr BP until 
400 cal yr BP. Though this period of time exceeds the total duration of the Medieval 
Climate Anomaly (MCA), it is not unreasonable to consider that some of this 
stabilization and population growth may have been in part a response to the MCA. 
Starting at 390 cal yr BP the concentration of biogenic opal dropped dramatically from 
20% to 2% at 320 cal yr BP, and did not recover to MCA levels until 227 cal yr BP.  
From this point onward biogenic opal concentrations rose steadily and sharply through 
the post-industrial era, reaching a Holocene maximum of 26% in the top centimeter of the 
Lower Sermilik composite core. 
 The trends observed in the biogenic opal record, reflecting diatom populations 
and preservation of diatom tests are interpreted to represent primary productivity in 
Lower Sermilik. It is notable that the trend of biogenic opal closely mirrors that of 
Holocene temperature trends (Wagner et al., 2000). 
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Figure 9. Bulk geochemical data for the Lower Sermilik composite core plotted against 
age. Dashed lines represent major transitions in the core based on changes in lithology. 
Unit I is characterized by cobbles, sand, and clay. Unit II is characterized by fine, dark, 
organic-rich laminations. Unit III is homogenous in color and exhibits laminations thicker 
than those observed in Unit II. 
 
3.4  Bulk Geochemistry 
3.4.1  Organic Carbon 
 The percentage of organic carbon (%OC) present in lacustrine sediments is a 
useful and straightforward proxy for identifying the amount of organic matter in 
sediments. Though sometimes viewed as a rough proxy for autochthonous and 
allochthonous productivity, %OC should be viewed simply as the amount of organic 
matter preserved in sediments (e.g. Meyers 1993; Meyers 1997; Meyers 2003). There are 
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complex controls on the %OC preserved in sediments, including rates of degradation and 
diagenesis, transport of terrestrial organic matter into the lake from the catchment, and 
microbial and algal contributions of organic matter.  
 Percent organic carbon in the Lower Sermilik sediment record was measured in 
discrete samples using a Costech ECS 4010 Elemental Analyzer at 5 cm resolution from 
0 to 314 centimeters in the Lower Sermilik composite core (see Figure 10). No 
measurements were made below this depth due to the presence of only coarse sand and 
cobbles. Measurements of organic carbon starting 7300 yr BP (314 cm depth) reveal no 
notable presence of organic carbon, with values not exceeding 0.05% OC until 6750 cal 
yr BP when %OC jumped to 2% and to 2.5% by 6680 cal yr BP. Values of OC for the 
period immediately following deglaciation rapidly fell to stable mean values of about 
1.5%. The initial spike seen in organic carbon in the Lower Sermilik sediment record 
may reflect increased algal productivity as the combined result of warming temperatures 
consistent with Holocene trends and large-influxes of nutrients into the lake from the not-
yet-stabilized catchment. The catchment at this time would have likely received 
substantial groundwater flow from the retreating valley glacier, and because the 
landscape had recently been glacially-eroded there would not have been much topsoil for 
terrestrial post-glacial vegetation to set deep root systems. Melt water from the valley 
glacier during summer months, in addition to the seasonal melting of the snow pack, 
would have been able to transport larger amounts of clays rich in phosphorus as well as 
nitrogen in the form of dead terrestrial vegetation. 
 From 6450 cal yr BP until 3680 cal yr BP %OC remained for the most part stable 
and with comparably high values, although a negative trend is apparent starting after 
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4590 cal yr BP. This period of high and stable percentages of organic carbon most likely 
reflect the local occurrence of the Holocene Climatic Optimum, and the negative trend 
seen from 4590 to 3380 cal yr BP marks the decline into neoglaciation. Interestingly, 
%OC preserved in the Lower Sermilik composite core records a series of major positive 
excursions between 3380 and 1692 cal yr BP. Though these data contradict the 
expectation of decreased vegetation during neoglacial conditions, further examination of 
the history of Ammassalik Island provides several possible explanations. At 
approximately the same time the Mittivakkat Glacier is estimated to have formed directly 
to the Northwest of Lower Sermilik. This date is based on the beryllium-10 dating of 
Mittivakkat moraines conducted by Humlum et al., 2008 as part of a geomorphological 
study of Ammassalik Island funded by the Danish Geological Survey. The appearance of 
a major land-based glacier would have led to increased weathering and erosion of 
bedrock material, resulting in increased production and transport of phosphorus-bearing 
clays. In modern lake systems phosphorus is commonly cited as the primary limiting-
factor of algal productivity. In an oligotrophic lake system such as Lower Sermilik a 
sharp rise in available nutrients could conceivably result in increased productivity despite 
cooling temperatures. There also exists the possibility of prolonged seasonal ice cover of 
Lower Sermilik due to steadily cooling temperatures. This could have resulted in a 
reduced oxygen supply to the lake and therefore resulting in suboxic to anoxic bottom 
water conditions, ideal for preserving organic matter. There is also the possibility of 
catchment destabilization, simply resulting in more organic matter being transported into 
Lower Sermilik via groundwater flow. 
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 The major positive excursions in %OC ceased by 1530 cal yr BP and from 1470 
until 400 cal yr BP %OC remains exceptionally stable, remaining at values very close to 
1%. After 400 cal yr BP %OC steadily increased, ending at 1.8% in the top 1 cm of the 
Lower Sermilik composite core. The major trends seen in %OC do not seem to follow the 
trends seen in Holocene temperature reconstructions, and instead seem to more likely 
reflect the stability of the Lower Sermilik catchment and controls on erosional transport.  
3.4.2  C/N ratio 
 The ratio of total organic carbon to total nitrogen (Corg/Ntotal) is a useful tool for 
identifying the proportions of algal and land-plant organic matter (Kaushal and Bindford 
1999; Meyers 1993). Modern organic matter from algae, which contain a high ratio of 
protein to cellulose, commonly produces C/N values between 4 and 10. Conversely, 
modern organic matter derived from vascular land plants, which have a high ratio of 
cellulose to proteins, commonly have C/N values of 20 and greater (Meyers 1993). 
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Figure 10. Paired carbon isotopic values and atomically corrected C/N values for discrete 
sediment samples. Individual samples plotted as circles are graded from red to green 
based on the % organic carbon of each sample. Modern vegetation data from samples 
collected at the Lower Sermilik catchment are plotted as color-coded squares. 
  
 The C/N values measured in the Lower Sermilik sediment record remain 
extremely stable throughout the Holocene (Figure 10). Prior to 6900 cal yr BP C/N 
remained very low as a result of nitrogen being relatively more abundant than organic 
carbon, though (compared to later) nitrogen was also very limited during this period. This 
level of background nitrogen is likely to be inorganic in origin, though occurring in 
quantities so small (<0.001%) that correcting the C/N ratio to account for it is 
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unnecessary. Shortly after transitioning from the post-glacial sediments of Unit I at 6900 
cal yr BP, the ratio of C/N assumed extremely constant values rarely fluctuating outside 
of a range between 9.5 and 12. These values are higher than expected for a purely algal or 
autochthonous source and markedly lower than C/N values indicative of a purely 
terrestrial source. It is of importance to note, however, that modern samples of Salix 
herbacea and Salix glauca collected from within the Lower Sermilik catchment produced 
C/N values of 13.5. Though these dwarf willow species were abundant in the catchment, 
it seems unlikely that they are the primary supplier of organic matter into Lower 
Sermilik. These findings suggest that the majority of organic matter preserved in the 
Lower Sermilik sediment record is from autochthonous sources, although a secondary 
source of organic matter from the terrestrial realm seems likely. 
 The period of marked stability beginning at 6900 cal yr BP terminated at 3000 cal 
yr BP. From 3000 cal yr BP until 360 cal yr BP C/N values experienced high variability 
superimposed upon a long-term positive trend, with numerous positive swings occurring 
around the onset of Unit III. From 360 cal yr BP until the top of the sediment record C/N 
values dropped significantly, terminating at a value of <9. This suggests that since the 
onset of the Little Ice Age the dominant source of organic matter in Lower Sermilik is 
algal. 
3.4.3  δ13Corganic  
 The carbon isotopic composition of organic matter derived from lake sediments 
can be used as a proxy for identifying contributions of C3 plants, C4 plants, and algae to 
organic matter (e.g. Talbot and Johannessen 1992; Hodell and Schelske 1998), as well as 
for inferring nutrient availability. Unfortunately the dissolved CO2 produced by lacustrine 
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phytoplankton is typically in equilibrium with the atmosphere, making contributions of 
organic material from lacustrine algal sources indistinguishable from vascular plant 
contributions (Meyers 1997). 
 The carbon isotopic composition of organic matter in Lower Sermilik shows high 
variability within the small confines of -30‰ to -25‰ (Figure 10). This range of values 
is consistent with δ13Corg ‰ values of lacustrine algae and C3 plants. This comes as no 
surprise for Lower Sermilik, and merely confirms the assumption inferred from the 
Lower Sermilik C/N ratio that algal production is likely the primary source of organic 
material, and that input of vascular plant debris from the catchment is a secondary source.  
In Units I and II there is high variability between sampling intervals superimposed on a 
trend of depletion. This relationship is reversed in Unit III as values reflect generally 
lower variability and follow a long term enriching trend through the top of the core. The 
variation noted may reflect small source changes or perhaps nutrient availability related 
to the influx of soil enriched in dissolved inorganic carbon. 
3.4.4  δ15Ntotal  
 The nitrogen isotopic composition of sediments derived from lakes can sometimes 
aid in the identification of sources of organic matter based upon the difference between 
the 
15
N/
14
N ratios available in terrestrial reservoirs versus aquatic reservoirs (e.g. Talbot 
2002; Meyers 2003). Nitrate, which is the most common form of dissolved inorganic 
nitrogen used by algae, typically has δ15N values of 7-10‰, while atmosphere-derived 
nitrogen available to land plants has values close to 0.5‰. C3 land plants (Peterson and 
Howarth 1987, Meyers 2003). There are, however, complicating factors that must be 
taken into consideration when making ecological interpretations based on δ15N. For 
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instance, low values can also be attributed to biological nitrogen fixation which occurs 
when atmospheric nitrogen is converted to ammonia by the enzyme nitrogenase. The 
conversion of nitrogen to ammonia can be attributed to many organisms, but very 
frequently the culprit organisms are cyanobacteria (blue-green algae) (Fogel and 
Cifuentes 1993).  
 The values of δ15N in the Lower Sermilik sediment record range from -1.86 to 
+2.48 with significant excursions coincident with those of the Lower Sermilik  δ13C 
record (Figure 10). The most noteworthy excursion seen in the δ15N record occurs at 76.5 
cm and reaches a value of -1.86. This excursion shares timing with a large relative 
enrichment of δ13C, a rise in C/N values, and a major peak of %OC. The timing of this 
event coincides with a period of suboxic to anoxic conditions inferred from the ratio of 
Mn/Fe at this depth. The values of this signal suggest a terrestrial source of nitrogen; 
however values of C/N indicate that terrestrial sources may play a secondary role to 
aquatic sources of organic matter. If this is indeed the case then there is a strong 
likelihood that nitrogen fixation occurred in Lower Sermilik throughout the Holocene.  
3.5 X-ray fluorescence scanning 
 Elemental profiles in the sediments of remote lakes offer an opportunity to 
consider the impacts of natural events on depositional processes and on conditions at the 
sediment-water interface. Major controls on the elemental makeup of sediments recorded 
in Lower Sermilik include physical processes and changes in redox conditions due to 
biological activity. Major, trace, and mobile elements within sediment sequences (as well 
as sediment properties such as %OC, grain size, and %opal) reflect these conditions and 
provide a means of reconstructing paleo-depositional environments. 
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 All elemental profiles for this study were made using a COX Analytical ITrax X-
Ray fluorescence core scanner. Values are reported in counts per second (CPS), and are 
not intended to be interpreted as absolute values or absolute concentrations. These values 
are, however, useful for noting the relative distribution of various elements throughout 
the length of the core. 
 The majority of the elemental profiles generated from the Lower Sermilik core 
reflect extremely similar trends, suggesting that the transport of materials into the lake is 
controlled by a primary mode acting as the driving force behind all elemental inclusions. 
Although the overarching trends of most elements appear similar, few share statistically 
significant relationships. 
3.5.1  Alkali Metals: Ca, Sr, Ba 
 Alkali metals calcium, strontium, and barium are all present in the Lower 
Sermilik sediment record and exhibit significant counts per second (>200 cps). Calcium 
and strontium share a statistically significant relationship (R
2
=0.75) and it isvery likely 
both source from the abundant orthopyroxines found in the basic charnockite complex 
which underlies the catchment of Lower Sermilik. Barium does not share a statistically 
significant relationship with either (R
2
=0.20, 0.21 respectively), suggesting barium 
sources are different than calcium and strontium. The hypothesis that Sr and Ca sources 
are different than Ba is further supported by the extremely high variability seen in 
Ba,unlike Ca and Sr, which share common peaks and exhibit nearly identical behavior 
(Figure 9). It is also worth noting that the counts per second recorded for Ca and Sr 
typically exceed that of Ba by an order of magnitude. 
3.5.2  Alkaline Earth Metals: K, Rb 
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 Alkaline metals potassium and rubidium are both found in the Lower Sermilik 
core in abundance. The relationship between the two elements is not statistically 
significant suggesting separate sources (R
2
=0.32). The small relationship reported by this 
R
2
 value reflects merely that during periods of enhanced transport both increase and 
likewise during periods of decreased transport the abundance of each element diminishes 
(Figure 9). The strongest relationship potassium shares with another element is with 
titanium, exhibiting an R
2
 value of 0.83.  
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Figure 11. XRF counts of major elements in the Lower Sermilik composite core. The 
zone highlighted in red was scanned at a later data than other sections and the absolute 
values from this section are dubious 
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3.5.3  Transition Metals & Metalloids 
3.5.3.1  Titanium 
 High-grade metamorphic rocks with intrusive igneous origins, like the bedrock of 
Ammassalik Island, frequently contain quantities of titanium. Weathering and erosion of 
Ti-rich rocks and sediments is thought to be the primary source of titanium in Lower 
Sermilik. Initially incorporated into the high-grade metamorphic rocks of this area, 
titanium would have entered the lake primarily through groundwater or fuvial processes, 
though also undoubtedly some has entered the lake via eolian transport as well. For this 
reason titanium is deemed to be indicative of weathering conditions, with increased 
quantities representing increased weathering and transport. 
 Titanium in the Lower Sermilik core is extremely abundant and exhibits high 
variability superimposed upon lower frequency trends. The highest values are noted near 
the base of Unit I, which quickly drop to mean levels around the onset of Unit II. In 
portions of Unit II an apparent periodicity is noted at 6.5 to 9 cm intervals (90-130 cal 
years). The transition into Unit I is marked by an increased baseline of titanium values 
along with more consistently large peaks superimposed upon it.  
3.5.3.2  Manganese 
 Manganese in the Lower Sermilik core is highly abundant, exhibiting up to 2000 
counts per second near at the base of Unit I. These values quickly drop off and settle 
around 700 cps for most of unit II. A sharp rise is noted at the end of Unit II, quickly 
falling to lower values at the onset of Unit I. Values recover to Unit II levels by 1840 cal 
yr BP (75 cm) and continue to increase until reaching  a relatively stable baseline of 
~1200 cps for the final 1740 (70 cm) of Unit I. 
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3.5.3.3  Iron 
 Iron is an unusual element in the Lower Sermilik sediment record. Iron is the 
most abundant element in terms of counts detected during XRF scanning. Unlike other 
elements, iron is not exceptionally abundant in the glacio-fluvial basal debris of Unit I. In 
the basal debris of Unit I values begin at 18,000 cps and rapidly fall to a minimum of 
6,000 cps before rapidly increasing back to mean values of 17,000 cps at the onset of 
Unit II. Values experience great variability in Unit II, though these excursions are not 
superimposed on any larger-scale trends. Starting at 5400 cal yr BP (184 cm) values drop 
to a mean baseline of around 12,500 and remain at this level until 2900 cal yr BP (112 
cm) cm, at which point values rapidly jump up to 26,000 cps. From 2900 cal yr BP (112 
cm) onward values remain relatively high though a negative trend is seen until 1600 cal 
yr BP (64 cm), at which point the trend reverses to slightly positive. 
3.5.3.4  Silica 
 In this study silica displays the trend common to most elements in the Lower 
Sermilik sediment record with high variability superimposed on large-scale trends. 
Values are greatest in the basal debris of Unit I, but rapidly decline before recovering 
rapidly at the onset of Unit II. Unit II begins with nearly mean values, but exhibits a short 
negative trend until 142 cm (date) before recovering to stable values. At the transitional 
boundaries of Unit II and Unit I silica values experience a sharp decline before rapidly 
recovering at 114 cm (~date). From this point onward silica values remain generally high 
but continuously variable until reaching consistently high values in the final centimeters 
of Unit I. Undoubtedly the silica found in Lower Sermilik has many sources, including 
the basic charnockite complex underlying Lower Sermilik, the granite gneiss complex to 
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the North of Lower Sermilik, soils, glacial debris, and from distal sources via eolian 
transport. 
3.5.4  Elemental Ratios 
3.5.4.1  Mn/Fe ratio 
 The ratio of manganese to iron in lake sediments is commonly used as an 
indicator of redox conditions at the sediment-water interface at the time of deposition. 
Low values correspond to periods of suboxic or anoxic conditions (Chirinos et al. 2005). 
The values observed in the Lower Sermilik sediment record reveal high frequency 
variations superimposed on large-scale trends (Figure 12). 
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Figure 12. The ratio of counts of manganese to iron measured in the Lower Sermilik 
composite core. Lower values are associated with sub-oxic conditions at the sediment-
water interface. The zone highlighted by the red box indicates a core section scanned at a 
later date and which returned absolute values not concurrent with the rest of the core. 
Dashed lines indicate transitions seen in core lithology. 
 
 The data for the ratio of manganese to iron (counts) in Unit I is severely 
limited due to invalid readings identified by the XRF scanner, however the available data 
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reveal a negative trend from 305 centimeters to the boundary of Unit I and unit II at 284 
centimeters (see figure 11). 
 Unit two shows an immediate recovery from the negative trend observed in 
Unit I and returns to mean values of ~0.0045 from 284 cm to 261 cm. This stability is lost 
in an abrupt negative excursion from  261 cm through 254 cm, at which point the mean 
values rapidly recover to values similar to those seen at the beginning of Unit II. From 
232 cm through 190 cm no data are available due to invalid readings from the XRF 
scanner. Interpolation between these points suggests slowly rising values, which is 
inferred by a positive trend that began after this gap. This positive trend continues until 
146 cm, followed by a brief and abrupt negative excursion, immediately followed by an 
abrupt but brief positive excursion at the boundaries of Unit II and Unit III at 139 cm 
(Figure 11). 
 Mn/Fe values show a major negative excursion beginning at the onset of Unit III. 
This negative excursion continues from 138 cm through 73 cm, reaching a minimum 
value of ~0.001 at 73 cm. This excursion coincides with the major positive excursions 
seen in %OC, C/N, δ15N, and δ13C. Beginning around 73 cm values return to normal, but 
rapidly reveal a gradual negative trend. 
3.5.4.2  Si/K ratio 
 The ratio of silica to potassium reveals a fascinating history of the Lower Sermilik 
catchment. Ammassalik Island is subject to strong, persistent northeasterly winds, which 
over the course of thousands of years have formed dunes on the island (Humlum et al., 
2008). Though silica incorporated into Lower Sermilik Lake is thought to represent a 
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primarily terrestrial signal, a large portion of silica is likely transported into Lower 
Sermilik via eolian processes. 
 Periods of time when the potassium-rich rocks of the Lower Sermilik catchment 
are being mechanically weathered (e.g. deglaciation, neoglaciation) coincide with periods 
of low silica to potassium ratios. During stable periods (e.g. the Holocene Climatic 
Optimum) the large influxes of potassium ceased, along with a similar trend seen in most 
major elements measured in the Lower Sermilik core. During periods of arguably lower 
intensities of mechanical weathering the ratio of silica to potassium rises notably, and the 
signal becomes much more variable. It seems that when there is not an overprint of 
secondary transport signals (e.g. intense precipitation or melting events or periods of 
increased eolian transport or intense glacial erosion) distinct periods become apparent. 
The best example of this in the Lower Sermilik core occurs between 276 and 222 
centimeters (Figure 14), when a clear 90-130 year signal is very strong (Figure 13, Figure 
14). During these periods the ratio of silica to potassium experiences intense variability 
over very short timescales. Similar peaks are observed throughout Unit II further up core, 
however the signal is not quite as strong, nor does it occur with such striking periodicity. 
Though the origin of this variability is not certain, it does function on timescales similar 
to that of large-scale AMO shifts. It is though that these periodic, secondary signals do 
indeed exist throughout much of the Lower Sermilik core, however they are 
overwhelmed by overall sediment input except for periods of exceptional stability. 
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Figure 13. The ratio of silica to potassium in the Lower Sermilik composite core. Lower 
values  are interpreted to be associated with potassium-rich clays, which would indicate a 
greater amount of mechanical weathering of bedrock taking place in or near the 
catchment. The zone from 276-222 (6800-6050 cal yr BP) centimeters shows a strong 90-
130 year periodicity (Figure 14), suggesting an oscillating environmental signal. 
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Figure 14. Wavelet analysis of the Lower Sermilik Silica to potassium ratio. Top: The 
ratio of silica to potassium throughout the entire composite core. Middle: Power diagram  
exhibiting a high level of variability occurring at a period of 90-130 years from 6800 to 
6050 cal yr BP. Bottom: Average variance seen throughout the composite core. 
 
 Unit I exhibits relatively low ratios of silica to potassium, indicating a dominant 
source of potassium from freshly eroded material provided by the receding valley glacier. 
Several excursions of proportionally-higher silica values correspond to exceptionally 
sandy zones.  
 Unit II exhibits highly variably ratios of silica to potassium, with peaks exhibiting 
apparent periodicity from 276 cm to 222 cm, and then again at a slightly higher frequency 
from 212 through 167 cm. These peaks of proportionally higher amounts of silica to 
potassium occur roughly 6 cm apart, which correspond to a period of approximately 90 
years. This relationship holds for the zone between 212 and 167 centimeters, though the 
strength of the signal is somewhat weaker. Overall Unit II displays strongly positive 
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values of Si/K, suggesting perhaps a highly stabilized catchment or decreased strength of 
transport within the catchment. 
 Unit III exhibits much lower values of Si/K than is seen in Unit II, and strongly 
resembles the values observed in unit I. The lowest values of Si/K are measured from 134 
cm to 82 cm, which indicates strong transport of materials from the catchment, perhaps as 
the result of more proximal ice due to the onset of neoglaciation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 48 
 
CHAPTER 4 
DISCUSSION 
4.1  Organic Matter 
 The percent organic carbon of lake sediment is a function of transport (for 
terrestrial organic matter), supply of inorganic material from the catchment, initial 
production of biomass, and the subsequent degree of degradation that the biomass is 
subject to. The interactions of these factors are often complex and can potentially obscure 
the interpretation of %OC data. Additionally, %OC can vary greatly between locations as 
a result of the interactions of these factors. In this study %OC is expressed as a 
weight/weight ratio and is therefore potentially subject to dilution by minerogenic 
contributions from the catchment. To fully interpret %OC data it is often useful to also 
examine the isotopic composition of the organic fraction of sediments as well as the ratio 
of carbon to nitrogen of paired samples. From the data presented below, it becomes clear 
that the organic matter preserved in Lower Sermilik is a combination of algal and C3 
plant contributions. 
4.1.2  Sources of Organic Matter in Lower Sermilik 
 The organic carbon present in Lower Sermilik has been produced by a 
combination of vascular, C3 land plants and lacustrine algae. This has been elucidated by 
analysis of the carbon to nitrogen ratio of discrete sediment samples and the carbon 
isotopic composition of the organic fraction of discrete sediment samples throughout the 
Lower Sermilik core. The values of the atomically corrected C/N ratio mostly occur 
between 12 and 18, which are too high for lacustrine algae and too low for the majority of 
C3 plants (e.g. Meyers 1993, Meyers 1997, Meyers 2003).Similarly, the isotopic 
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composition of the organic carbon present in the Lower Sermilik core exhibits values 
common to both vascular plants and lacustrine algae. Thus, the bulk geochemical data 
indicate that both algae and C3 plants are likely the largest contributors of organic carbon 
to Lower Sermilik, and that C4 plants do not appear to play a notable role in contributing 
organics to Lower Sermilik at any point during the Holocene. These data also confirm 
that fluvial processes must be occurring throughout the Holocene in order to transport the 
remains of vascular land plant material from the catchment and into Lower Sermilik. 
4.2  Biogenic Silica (BSi) 
 Biogenic silica, the siliceous material incorporated into the cell walls of diatoms 
may be used as a direct proxy for levels of paleo-productivity of diatoms (Conley 1988). 
Much like organic carbon expressed as a weight/weight percent, percent biogenic silica 
records are susceptible to dilution by intense sedimentation rates. Fortunately, Lower 
Sermilik is inferred to have been host to large populations of diatoms through the 
Holocene, and the overprinting of biogenic silica with clastic debris signals seems 
unlikely to have played a significant role. Even if overprinting of the biogenic silica 
record were a concern, the relative amount of biogenic silica in the Lower Sermilik 
sediments would still be useful due to the more or less stable accumulations rates. 
Additionally, warmer periods at Lower Sermilik are associated with lower surface runoff, 
and any alteration to the biogenic silica record would likely only exaggerate the signal of 
%BSi. 
 Previous studies of varved sediments have calibrated biogenic silica percentages 
to temperature (McKay et al. 2008), and a number of other studies have produced records 
of biogenic silica that closely track large scale temperature variations (e.g. Wagner et al. 
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2000). In this study %BSi is observed to be greatest during periods associated with 
stability and warmth (e.g. the Holocene Climatic Optimum). 
4.3  X-ray fluorescence scanning  
 High resolution x-ray fluorescence scanning is a valuable tool for paleolimnologic 
reconstructions as it allows for interpretation of sediment sources, depositional rates, and 
modes of transport on very fine timescales. In this study the resolution of the XRF scans 
is many times greater than any other measurement and while fascinating proved to be 
unhelpful for interpretations beyond general trends without applying smoothing curves. 
The largest issue encountered while obtaining elemental profiles was machine drift. The 
core section LSRM-10G-B2 was scanned months after the rest of the Lower Sermilik 
core sections but under the same parameters, and while the general trends were preserved 
the values were nearly half of what they most likely should have been (this zone is 
outlined by a red rectangle in Figure 4). That being said, elemental ratios obtained by 
XRF scanning represent an extremely useful form of proxy for inferring a number of 
conditions. In addition to the analysis of several discrete elements this study makes use of 
two such elemental ratios: silica to potassium and manganese to iron.  
4.3.1) Silica to Potassium 
 The ratio of silica to potassium is used in this catchment to infer periods of 
heightened bedrock weathering and erosion. Weathering of bedrock, including 
weathering of feldspar, produces clays minerals; hydrous aluminum phylosilicates 
containing variable amounts of cations including alkali metals and alkaline earth metals. 
The bedrock of Sermilik Valley is composed of basic charnockite and granite gneiss, both 
of which include alkaline earth metals (e.g. calcium, strontium) and  alkali metals (e.g. 
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potassium, rubidium) as major constituents of their primary minerals. For example, 
phenocrysts of potassium feldspar were frequently noted while conducting field work in 
Sermilik Valley (Figure 15). Additionally, books of muscovite, of which potassium is a 
major constituent, were also discovered and collected in Sermilik Valley. Therefore, 
weathering of the charnockite and garnet gneiss complexes in Sermilik valley is 
speculated to generate potassium-rich clays, which are transported into Lower Sermilik 
via fluvial processes. Other processes, notably eolian, actively transporting minerogenic 
material with comparably high ratios of silica to potassium into Lower Sermilik during 
time of clay mineral production would be overwhelmed by the sheer availability of 
potassium-rich clays. 
 
Figure 15. Phenocrysts of potassium-feldspar (orthoclase) found near Lower Sermilik. 
Such samples were highly abundant. Rock hammer for scale. 
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4.3.2) Manganese to Iron 
 The ratio of manganese to iron can be used to infer the relative oxygenation of 
bodies of water. Both iron and manganese share a negative relationship with dissolved 
oxygen, however under anoxic conditions manganese is rapidly reduced, resulting in a 
lower ratio of Mn to Fe (e.g. Davidson et al. 1982). Modern day oxygen levels in Lower 
Sermilik are high throughout the water column (Figure; however the Mn/Fe ratio of 
historic sediments from Lower Sermilik suggests sub-oxic conditions may have persisted 
for an extended period of time beginning around the onset of neoglaciation at 3450 cal yr 
BP. 
 
4.4 Unit I (348-284 cm; ~7700-6900 cal yr BP): Deglaciation/Holocene Climatic 
Optimum transition 
 Following the emergence of Lower Sermilik from beneath the perennial ice of 
Sermilik Valley at approximately 7700 cal yr BP, the catchment of Lower Sermilik was a 
high-energy glaciofluvial environment characterized by the deposition of inorganic 
glacial detritus composed of coarse sand and cobbles. This phase of the Lower Sermilik 
catchment development is recorded in the sediment record from the base of the composite 
core at 348 centimeters to 284 cm (7700 cal yr BP until 6900 cal yr BP). Early on in this 
phase a strong proximal glacial influence dominates the sediment record. It was not until 
7500 cal yr BP (325cm) that pelagic sedimentation began, and the influence of ice 
persisting in Sermilik Valley lessened. This most likely occurred after the ice persisting 
in the valley retreated into the elevated cirque to the North of Lower Sermilik and beyond 
the bedrock ridge dividing Upper Sermilik from Lower Sermilik. 
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4.4.1) Geochemical Evidence 
 The glaciofluvial conditions in Sermilik Valley were likely unsupportive of 
biological activity. Percent organic carbon of sediments deposited during this phase is 
very low (<0.05%), with paired C/N values reflecting an entirely algal source for the 
small amount of organic material present (Figure 14). It is possible that because these 
samples were not acidified to remove inorganic carbon prior to analysis that this small 
percentage of carbon is actually reflecting a background signal of inorganic carbon 
present in the catchment, however a small population of diatoms inferred from biogenic 
silica values are also associated with this phase, which suggests that these carbon values 
are indeed indicative of a small algal presence. δ13C values for this phase exhibit high 
variability in comparison to much of the Lower Sermilik record and range from -26‰ to 
-30‰ . Though these shifts may reflect changes in organic matter sources or ecosystem 
shifts, this range of values is indicative of both C3 plant organic matter and algal organic 
matter. δ15N does not reflect values typical of algal production.  The high flushing rate of 
Lower Sermilik, the low mean %OC, and lack of evidence for aquatic plant populations 
all suggest that nitrogen available in the form of nitrate had neither the time nor means to 
be enriched significantly by recycling before being diluted and replaced by fresh 
atmospheric nitrogen. This hypothesis is supported by the overall lack of variation seen 
the δ15N values of the Lower Sermilik sediment record. 
4.4.2) X-ray fluorescence scanning evidence 
 As may be expected, the coarse and highly minerogenic basal debris of the Lower 
Sermilik core is characterized by elevated counts per second measured in most major 
elements (Figure 11). The inferred abundancies of these elements may be explained by 
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the large amount of mineral-rich debris made available by mechanical weathering of the 
basic charnockite and garnet gneiss geologic units in and around the Lower Sermilik 
catchment. During this period the influx of these glacial sediments by fluvial processes 
and meltwater runoff (e.g. physical transport of sediment, chemical leaching of tills) 
dominated the depositional processes. Other modes of transport, such as eolian processes, 
acting on the catchment likely carried debris with proportionally different suites of 
elements. Unfortunately, evidence of these processes is not available during this phase of 
the Lower Sermilik catchment development, most likely due to overprinting by the 
extremely proximal and robust glaciofluvial sediment supply. 
 The ratio of silica to potassium in Unit I is may indicate the extent of erosional 
processes acting on the catchment. Initially low, Si/K values outside of the basal debris 
rose steadily until the boundary of Unit I and Unit II. This signal is interpreted to indicate 
a gradual decrease in the availability of potassium feldspar-rich sediments (e.g. glacial 
clays) made available by the mechanical weathering of charnockite and granite gneiss, 
and the slow transition to a system less-dominated by glacial detritus. This is supported 
by decreases observed in the counts of other elements strongly associated with 
charnockite and granite gneiss, such as manganese, calcium, and titanium. As an aside, it 
is important to note that while these elements are sometimes associated with mafic rocks, 
the abundances of these elements can perhaps be tied to the orthopyroxines of the basic 
charnockite underlying the majority of Sermilik Valley. Orthopyroxines have the general 
formula XY(Si,Al)2O6, where X may represent elements such as calcium, sodium, and 
magnesium, and Y may represent calcium, manganese, and titanium. Calcium may also 
owe some abundance to the presence of plagioclase in the catchment. 
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 The high ratio of manganese to iron, which has been widely used as a proxy for 
oxic/anoxic conditions at the sediment-water interface (e.g.  Spofforth et al. 2008) in this 
unit may be suggesting fully oxygenated bottom waters due to a general lack of 
biological activity in the lake. Although this is a convenient explanation, it is equally if 
not more likely that the high ratio of manganese to iron is due to the high abundance of 
manganese found in the glacial debris at the bottom of Unit I relative to iron. Thus the 
Mn/Fe ratios of Unit I probably do not reflect oxygenation of Lower Sermilik very well 
due to manganese-rich clasts. 
4.5) Unit II (284-139 cm; ~6900-3450 cal yr BP): Holocene Climatic Optimum 
 The transition from the glaciofluvial environment of Unit I to Unit II is rapid and 
clearly expressed by bulk geochemistry of sediments, elemental  profiles acquired by 
XRF scanning, and in a visible lithologic shift to fine, organic-rich laminations. Unit II 
extends from 284 through 139 cm (~6900 to 3450 cal yr BP) and is interpreted to 
represent the Holocene Climatic Optimum as expressed in Sermilik Valley based on the 
abundance of paleo-diatom populations and organic carbon content preserved in the 
sediments of this unit.  
 Previous work (e.g. Wagner et al. 2000) on the Holocene climate history of East 
Greenland suggests that during the period of time expressed in Unit II East Greenland 
experienced an extended period of stable warmth, though beginning around 4500 years 
BP temperatures begin to steadily decline until neoglacial conditions were achieved. 
Additionally, previous reconstructions of humidity in East Greenland indicate a transition 
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from arid conditions to greater amounts of precipitation beginning around 7000 cal yr BP, 
reaching maxima around 3500 cal yr BP (Wager et al. 2000).  
4.5.1) Geochemical Evidence 
 Environmental conditions in Sermilik Valley at the beginning of Unit II are 
interpreted to have been warm with a possible trend towards increasing precipitation. It is 
quite possible that atmospheric temperatures were already at Holocene Climatic 
Optimum (HCO) levels during the deposition of much of Unit I, however conditions for 
supporting and/or preserving biological signals were clearly not at an optimum in Lower 
Sermilik due to the proximal influence of large quantities of glacial ice. Nonetheless, 
evidence for increased warmth is seen in the biogenic silica record of Lower Sermilik 
starting after 6900 cal yr BP.  Biogenic silica percentages are interpreted to reflect 
directly the paleo-diatom populations, which in turn are interpreted to strongly reflect 
temperature conditions. At the onset of Unit II the population of diatoms in Lower 
Sermilik is observed to increase rapidly to high and consistent values. Diatom 
populations appear to have thrived in abundance throughout the Holocene Climatic 
Optimum, though beginning around 4000 cal yr BP populations began to decrease in a 
stepwise fashion. This population decline may be in response to decreasing temperatures, 
although it is also possible that increases in precipitation at this time resulted in the 
overprinting of biogenic silica values due to the increased deposition of minerogenic 
materials from the catchment.   
 Percent organic carbon experienced an unprecedented peak, rising from <0.5% to 
>2.5% at the transition between Unit I and Unit II. Atomically corrected C/N ratios 
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indicate the source of this organic matter is a mix of algal and terrestrial C3 plant material 
with a tendency towards a slightly more dominant algal source. The abrupt peak of 
organic carbon at the base of Unit II quickly returned to a mean baseline of ~2% OC over 
several centimeters. An explanation for this abrupt rise and fall may be catchment 
instability. The lack of stable topsoil and mattes of vegetation would have made transport 
of organic matter from the catchment into Lower Sermilik much easier. If increased 
transport of material into Lower Sermilik due to an unstable catchment were the case then 
the spike in organic carbon may have been compounded by increased export of 
phosphorus, from the unstable catchment (a common limiting factor of autochthonous 
production) resulting in algal blooms. 
4.5.2) XRF Scanning Evidence 
 Elemental profiles generated for Unit II are distinct from those of Unit I. Elements 
associated with clay minerals such as titanium, calcium, and potassium underwent a 
marked decrease in counts throughout the majority of the HCO. This is thought to be due 
to a lower abundance of glacially-eroded material, and also in part to the higher 
abundance of organic material in the sediments. This is further supported by the ratio of 
silica to potassium, which when high is interpreted to reflect periods of little-to-no glacial 
influence on the Lower Sermilik catchment. Similarly, low values for the ratio of 
manganese to iron indicate that Lower Sermilik was less oxygenated during this period of 
the Holocene.  This is concordant with increased populations of living organisms that 
consume oxygen, and the consumption of oxygen during the oxidation of decaying 
matter.   
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4.6) Unit III (139-0 centimeters, or 3450 to -60 cal yr BP): Neoglaciation through 
Modern  
 Unit III extends from 139 cm (3450 cal yr BP) to 0 cm (interpolated -60 cal yr 
BP). The transition from the Holocene Climatic Optimum into neoglaciation at the 
boundaries of Unit II and Unit II is expressed clearly in the bulk geochemical data, and in 
the Si/K ratio. The transition is apparent but not as a clear-cut in visible lithology, 
individual elemental profiles, and in the Mn/Fe ratio. The onset of neoglaciation is 
inferred to be a period of cool temperatures and high  precipitation, with possible climate 
anomalies occurring approximately from 1300 cal yr BP to 410 cal yr BP and from 370 to 
227 cal yr BP --the former, possibly an  anomalous warming trend, and the latter possibly 
an anomalous cooling trend. 
4.6.1) XRF scanning evidence 
 Environmental conditions in Sermilik Valley at the beginning of Unit III are 
interpreted as having been cool and wet. Coincident with the timing of neoglaciation 
suggested by this study is the appearance of the Mittivakkat Glacier (Humlum et al. 
2008). This date assigned by Humlum et al. 2008 supported by the XRF scanning data 
presented in this thesis, which suggests significant amounts of rock flour began entering 
Upper Sermilik and Lower Sermilik around this time. Mittivakkat today is the largest 
contiguous ice field on Ammassalik Island, discharging melt water and debris into 
Sermilik Fjord to the west, and into Upper Sermilik Lake to the Southeast. As the result, 
modern-day Upper Sermilik is a vivid turquoise color and displays an enormous plume of 
suspended sediment. This sediment plume has been captured numerous times in historical 
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satellite imagery, and was observed by the author in July of 2012. Large quantities of the 
perpetually suspended glacially-derived sediment observed in Upper Sermilik are thought 
to be carried into Lower Sermilik by a narrow, rapidly flowing channel. This is supported 
by the general rise in elements associated with glacial clays seen in the Lower Sermilik 
sediment record at this time. Further evidence is supplied by the Si/K ratio, which shows 
a sharp decline at this time, indicating a transition back into sediments containing larger 
quantities of potassium-rich clays. 
 The ratio of manganese to iron experiences a negative excursion at the onset of 
neoglaciation, which coincides with abrupt increases in the amount of organic carbon 
preserved in the sediment record. This excursion is interpreted as a period of sub-oxic 
conditions in Lower Sermilik brought on by periods of extended seasonal ice cover 
limiting wind-mixing of the surface layer, and by of the oxidation of the large influxes of 
organic matter. 
4.6.2) Geochemical Evidence  
 At the onset of neoglaciation the %OC preserved in the Lower Sermilik sediment 
record abruptly increases to over 3%. This first peak coincides with a slight increase in 
the C/N ratio, indicating a slightly higher proportion of C3 plants contributing organic 
matter to Lower Sermilik record. This is interpreted to represent the gradual 
destabilization of the Lower Sermilik catchment via cold temperatures and increased 
precipitation. This may have also resulted in the delivery of increased nutrients to Lower 
Sermilik resulting in increased algal productivity. After the initial peak in organic carbon, 
a brief period of extremely low %OC persisted before again rising to three distinct and 
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short-lived peaks. These peaks are associated with C/N excursions towards higher values 
indicating more terrestrial input into Lower Sermilik. These periods are interpreted to 
represent the influx of terrestrial organic matter in streams to Lower Sermilik.  
 After ~1500 cal yr BP %OC experienced extremely stable conditions for duration 
of the sediment core. This period is marked by a steady rise in mean C/N values until the 
final 20 cm of the core when values drop to roughly 10. These geochemical data are 
interpreted to indicate a shift from a dominantly algal source of organic matter to a much 
more mixed signal, possibly as the result of new, dominant post-glacial plant species.  
 The population of diatoms in Unit III experienced saw tooth-like variability with 
consistently low mean values until 1300 cal yr BP when values begin to increase until 
~410 cal yr BP. In a general sense the timing of this positive trend coincides with the 
expected timing of the Medieval Climate Anomaly, however the signal is not 
exceptionally strong in this record and to identify this as a specific event may be 
overzealous. From 370 until 227 cal yr BP the population of diatoms in Lower Sermilik 
experienced an abrupt and extreme decline. This drop may be attributable to the Little Ice 
Age. Unfortunately there is no data other than the record of biogenic silica to support 
this. 
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CHAPTER 5 
CONCLUSION 
 Based upon the evaluation of the Lower Sermilik sediment record by analyses of 
bulk geochemistry and high-resolution scans it can be concluded from this study that 
climate variability is captured in the sediment record of Lower Sermilik. Though clear 
large-scale climate signals can be identified in this record, there remains a great deal of 
obfuscation of details by background noise created by high inputs of minerogenic 
materials. In addition to this background noise, mass wasting deposits were found 
throughout the core, making continuous assessment of unfragmented core sections 
impossible. However all things considered, the Lower Sermilik record contributes to the 
greater understanding of Holocene climate variability in Eastern Greenland and will 
undoubtedly contribute to the interpretations of other lake-based climate reconstructions 
presently taking place in Eastern Greenland. 
 Future work will include the re-scanning of the sediment core sections lacking 
data using the Itrax XRF core scanner. Additional evaluation of the silica to potassium 
ratio is also necessary in order to determine the influence of biogenic silica on this 
dataset. Finally, a major boon to this study will be the acquisition of grain-size data. 
Grain size will be extremely helpful in identifying turbidites in a quantifiable manor, as 
well as for determining the abundance of clays throughout the composite core.  
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